Ability to identify red spruce , Ficea rubens , and Fraser fir , Abies fraseri, on large scale color infrared (CIR) aerial photos was evaluated for a site on Roan Mountain , a high peak on the Forth Carolina-Tennessee border. Overall classification accuracy for two experienced photo interpreters and several combinations of crown closure , photo scale , and IR balance was 72.1 percent.
INTRODUCTION
Recent reports of decline and mortality of red spruce, Picea rubens , in the spruce-fir forests of eastern North America has led to the conduct of special inventories to determine its extent and probable causes (Weiss and others 1985; Mielke and others 1986) .
Color infrared (CIR) aerial photography has been used in these inventories to identify vegetation communities with a spruce-fir component and as an intermediate sampling stage for estimating levels of tree mortality (Ciesla and others 1986) .
Forest declines have been recently been reported on commercially important tree species in central Europe (Schutt and Cowling 1985) , and CIR aerial photography has been used to inventory the status of these declines in West Germany and other western European nations (Hildebrandt and Kadro 1984) . An approach used in the European inventories is to classify the full range of decline symptoms on the aerial photos.
This requires that photo interpreters have the ability to identify tree species and classify the various symptoms of decline consistently and reliably.
Workers in West Germany have developed guides to aid in species identification and decline rating on large scale CIR aerial photos (Grundmann 1984;  Masumy 1984) .
Tree species identification on true color or panchromatic aerial photos in North America is reviewed by Heller and others (1964) ; Parry and others (1969) ; and Sayn-Wittgenstein (1978) . Other than broad recognition of species groups (i.e., conifers versus hardwoods) only a limited amount of information is available on tree species identification in North America on CIR film. Ciesla (1984) prepared general guidelines for identification of conifers indigenous to the northeastern United States on CIR film in support of an inventory of decline and mortality in red spruce and balsam fir, Abies balsamea , in New Hampshire, New York, and Vermont (Weiss and others 1985) . These guides were based on the same characteristics of crown shape, apex, margin, and foliage texture used for species identification with panchromatic or color aerial photos.
Recently one of the authors (E.T.
Wilson)
observed distinct color differences between red spruce and Fraser fir, A^. f raseri , when interpreting CIR photos taken in the southern Appalachian Mountains.
Red spruce tended to appear in hues of red brown or red violet, whereas Fraser fir was typically a dark red hue.
In West Germany, similar color differences plus textural characteristics of the foliage are routinely used to separate Norway spruce, P_. abies , from silver fir, A. alba , on large scale CIR aerial photos (Grundmann 1984) . This paper reports results of an evaluation to determine if red spruce and Fraser fir could be reliability separated on large scale CIR photos using characteristics of crown form, foliage texture, and color.
The evaluation also provided an opportunity to determine if certain decline symptoms could also be detected and classified.
METHODS
The evaluation was designed to compare effects of photo interpreter, scale, crown closure, and IR balance on the abiity to distinguish between red spruce and Fraser fir. Characteristics used to separate spruce from fir included foliage color, texture, crown shape, apex and margin.
Descriptions provided by Parry and others (1969) , and Sayn-Wit tgenstein (1978) for red spruce, white spruce, P_. glauca and balsam fir, coupled with preliminary observations by the photo interpreters were used to develop classification standards ( Figure 1 , Table   1 ).
Since foliage color of individual trees is influenced by film exposure, IR balance, vignetting, and sun angle in addition to species, only relative color differences were used to aid in species classification. Standard Munsell color chips were used for descriptive purposes only and not in the actual classification procedure (Anon 1976).
A total of 409 trees were classified on the aerial photos (Table 2) .
During the tree species identification procedure, sample trees with sparse foliage and bare branches were noted.
Following completion of the photo interpretation for species identification, one photo interpreter classified all sample trees on the 1:2000 scale photos into two tree condition classes:
Healthy -More than 90 percent of the crown area with apparently healthy foliage.
Declining -10 percent or more of the crown area with foliage missing, and bare branches distinctly visible.
GROUND DATA
An attempt was made to locate all of the trees classified on the aerial photos on the ground during May 1986 and record the species.
Tree condition class was also recorded for trees classified on the 1:2000 scale photos.
A total of 228 trees (64 red spruce, 164 Fraser fir) or 56 percent of the trees classified on the photos were located and classified on the ground (Table 2) .
DATA ANALYSIS
For the tree species identification, aerial photo and corresponding ground data for each combination of photo scale, photo interpreter, IR balance, and c^rown closure was summarized in 2X2 error matrices.
The measure of agreement K and its variance was computed for each error matrix using procedures described by Bishop et al. (1975) .
Differences between $ values for various combinations of photo scale, IR balance, and crown closure were tested by using the discrete multivariate analysis procedures developed for error matrices described by Congalton et al . (1983) .
Tree species and condition class data from the 1:2000 scale photos was summarized into a 4X4 error matrix and a test was conducted to determine if differences in agreement occurred between open and closed stands. This caused an intensification of the red tones and reduced subtle contrasts between the red hues normally used to identify vegetation types on CIR film. The one set of photos with a normal IR balance was slightly underexposed, had long shadows, and the hardwoods were in a leaf-off condition.
These were taken at a time of year when aerial photos would not normally be acquired for forest damage assessment (Table 3) .
CHARACTERISTICS OF RED SPRUCE AND FRASER FIR ON CIR PHOTOS
FOLIAGE COLOR -Slight differences in foliage color between red spruce and Fraser fir were noted by the photo interpreters, thus confirming the earlier observations. These proved helpful in separating the two species. Under conditions of optimum exposure, red spruce tends to have a distinct red-brown hue and Fraser fir more of a dark red hue similar to that reported for Norway spruce and silver fir in West Germany (Grundmann 1984) . These color contrasts are less distinct on CIR photos with an enhanced IR balance (Table 4) .
Tree age and size also tends to influence foliage color.
Pure stands of young sapling size Fraser fir had a more intense chroma than did their larger, older counterparts.
An insufficient number of sapling size red spruce were are for large open grown trees on optimally exposed observed to enable us to determine if this species has a similar color pattern.
Grundmann (1984) The crown tip is also frequently highlighted by a white or silvery patch.
In red spruce the crown apex is more obtuse and the crown tip is not as distinct.
ABILITY TO SEPARATE RED SPRUCE FROM FRASER FIR
PHOTO INTERPRETERS -Photo interpreters were remarkably consistent in their classification.
Photo interpreter 1 had an overall classification accuracy of 71.5 percent; and photo interpreter 2 had an overall classification accuracy of 72.8 percent; a net difference of three trees.
Classification accuracy decreased slightly with a corresponding decrease in scale (Table 5 ).
Statistical comparison of photo interpreters classification accuracy for each combination of photo scale, IR balance, and crown closure showed no significant differences (Table 6 ). Therefore data for both photo interpreters was combined and treated as independent observations in all subsequent tests (Table 7) .
Five of the eight resultant error matrices had correct classifications significantly greater than what could be expected by pure chance (>50% p = <.10) ( Table 8) .
CROWN CLOSURE -Comparison of the ability to separate the two species by crown closure class indicated that there was essentially no difference. A significant difference did occur in the crown closure classes for the 1:4000 IR enhanced photo scale ( Table 9) .
The significance of this difference, however, is questionable due to the relatively small number of trees (N=18) in the closed crown condition class (Table 7) .
PHOTO SCALE AND IR BALANCE -There was no significant difference in ability to separate red spruce from Fraser fir for the photo scale used in this evaluation.
In addition, at a scale of 1:4000, IR balance had no significant effect on ability to classify these species (Table 10) . DAMAGE RATING SYMPTOMS -The predominant type of damage observed on living trees on the aerial photos was areas of grey discoloration in the interior of the crown. This was suggestive of a loss of older foliage and branch dieback.
Ground observations confirmed that individual trees did have less than the normal compliment of older foliage.
On Roan Mountain, vigorous, apparently healthy red spruce and Fraser fir normally retain five to six years of foliage.
Trees with a "decline" syndrome only retain two to three years of foliage giving the crown an open, tufted apprearance. Fraser fir displayed this symptom most frequently.
Foliage loss was usually accompanied by branch dieback and branchlets being turned downward at the ends (Figure 2 ).
These types of damage are associated with twig and branch infestations of balsam woolly adelgid (Balch 1952) .
This insect is known to be generally distributed throughout the Fraser fir on Roan Mountain.
Red spruce occassionally also displayed a loss of older foliage. Trees which displayed this symptom were primarily large, overmature trees growing on steep rocky slopes exposed to high winds.
Some trees also had top kill, the cause of which is presently unknown (Figure 3 (Table 11 ).
These differences were not significant at the 0.10 level when compared statistically (Z=.831, significance level = .404). 
